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REPORT No. 803

WIND-TUNNEL INVESTIGATION OF THE EFFECTS OF PROFILE
MODIFICATION AND TABS ON THE CHARACTERISTICS
OF AILERONS ON A LOW-DRAG AIRFOIL

By RoBerT M. Cgpank and Rarea W. Horrzcraw

SUMMARY

An investigalion has been made to determine the effect of
control-surface praofile modifications on the aerodynamic char-
aclerislics of an NACA low-drag airfoil equipped with a
0.20-chord and a 0.16-chord aileron. Tab characteristics have
been obtained for 0.20-aileron chord tabs on two of the 0.20-
chord ailerons.

Thickening the aileron profile or thickening and beveling the
trailing edge of the aileron was jfound to reduce the aileron
effectiveness, reduce the slope of the wing-section lLft curve,
and reduce the hinge-moment coefficients. Thinning the profile
had the opposite effect. The effects of profile thickness on the
aileron characteristics decreased with increasing angle of attack,
there being practically no effect at an angle of attack of 12°.
For the thickened and beveled trailing edges the effects were
maximum for the bevel, the length of which was 20 percent of the
atleron chord, and decreased for both increasing and decreasing
bevel lengths. Thickening the profile or thickening and beveling
the trailing edge caused a slight increase in minimum profile-
drag coefficient, but thinning the profile had no effect.

It is demonstrated that deviations of the order of 10.006-
aileron chord from the specified profile on the ailerons of a
typical pursuit asrplane can cause stick-force varations of 20
pounds for a large rate of roll at an indicated airspeed of 300
miles per hour. It 18 also shown thai the danger of overbalance
at small deflections of closely balanced ailerons can be diminished
by thickening of the aileron profile if the internal-balance chord
18 simultaneously reduced to maintain the same stick force for a
large rate of roll.

Thickening and beveling the trailing edge on a typical aileron

installation caused a reduction of 50 percent in the conirol
force for a large rate of roll at high speed. When used in con-
Junetion with internal balance, the thickened and beveled profile
resulted in @ 80-percent reduction in the nose balance required
Tor a given conirol force at high speed. Under these conditions,
the variation of conirol force with rate of roll was more nearly
linear for the aileron of normal profile than for the ailerons
with thickened and beveled trailing edges.

Basic data are presented from which the effect of tabs can be
caleulated for specific cases. The data are sufficient for the
solutron of problems of fixed tabs with a differential linkage, as
well as simple and spring-linked balancing tabs.
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INTRODUCTION

With every increase in size and speed of modern high-
performance airplanes, the problem of attaining adequate
lateral control without excessive control forces becomes less
amenable to solution by simple aerodynamic balancing
methods. Of the various methods of aerodynamic balance
available, one of the most efficient is the sealed internal nose
balance. However, sufficient control lightness frequently
cannot be satisfactorily attained by the use of an internal
nose balance alone. The necessary balance may be so large
that the required confrol-surface deflection cannot be
obtained, or structural necessities of the main surfaces may
be such that adequate balance cannot be incorporated in the
design. Aileron profile offers & convenient means of adjust-
ing the aileron control characteristics. The efficacy of profile
variations in modifying aerodynamic characteristics, and the
consequent necessity of fabricating to close tolerances, must
be appreciated when it is desired to obtain specified aileron
characteristics on any one airplane or to maintain a reason-
able constancy of characteristics in a& number of airplanes of
the same design. Previous experiments have indicated that
thickening and beveling the control-surface trailing edge is a
powerful means of adjusting hinge-moment characteristics.
Results of tests reported in references 1, 2, and 3 have shown
tabs to be an effective means of adjusting hinge-moment
characteristics when used as fixed tabs in conjunction with
a differential linkage, or as simple or spring-linked balancing
tabs.

The purpose of the tests reported herein was to obtain
quantitative data on the effects of aileron profile and trailing-
edge modifications and the effects of tabs on the character-
istics of ailerons on a low-drag airfoil, and to form a logical
basis for the specification of aileron tolerances.

COEFFICIENTS AND CORRECTIONS

The coefficients used in the presentation of results follow:
Ca,, airfoil section profile-drag coefficient (d,/¢c)

cx aileron section hinge-moment coefficient (h/gc.?)

Ch, tab section hinge-moment coefficient (h,/gc®

¢y airfoil section lift coefficient ({/ge)

Cm airfoil section pitching-moment coefficient (m/qc?)
509
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Cxn airfoil section normal-force coeflicient (n/gc)

Plg  internal static pressure at aileron nose divided by
dynamic pressure

Acs,  increment of ¢y, due to deflecting the aileron from
neutral

Acy increment of ¢, due to deflecting the aileron from
neutral

Acy’ ¢ of up-aileron minus ¢, of down-aileron

Ac, increment of ¢; due to deflecting the aileron from
neutral

Ac) ¢; of down-aileron minus ¢; of up-aileron

APJ/q increment of pressure coefficient across aileron nose
seal (pressure below seal minus pressure above seal
divided by dynamic pressure)

where

c chord of airfoil with surfaces neutral, feet

Ca chord of aileron aft of aileron hinge line, feet

¢, chord of tab aft of tab hinge line, feet

d, airfoil section profile drag, pounds

h aileron section hinge moment, foot-pounds

ky tab section hinge moment, foot-pounds

l airfoil section lift, pounds

m airfoil section pitching moment about quarter chord
of airfoil, foot-pounds

n airfoil section normal force, pounds

q dynamic pressure of air stream (3pV?), pounds per
square foot

v free-stream velocity, feet per second

In addition to the preceding, the following symbols are
cmployed:

o, angle of attack for airfoil of infinite aspect ratio,

degrees '
Sa aileron deflection with respect to the airfoil, degrees
8, tab deflection with respect to the aileron, degrees
b wing span of assumed airplane, feet
p rate of roll, radians per second
d increment above the normal profile of the upper and

lower surface ordinates of the modified aileron
profiles at 0.5¢,
v, indicated airspeed, miles per hour

Chg = (QCx/00x)3g=5¢m0 (measured through a=0°)

Cry,  =(0Ch/08s)amsimo (measured through §,=0°)
Cny, =(0¢2/08 ;) amtqmo (measured through §,=0°)

ch'a =(bchl/ba)3a-hn0 (measmed th.I‘Ough a=0°)
Cryy = (0C»,/08,) ams,mo (measured through §,=0°)
Chig = (0C2,/08,) amzomo (measured through §,=0°)
Ciq = (9¢1/00) 5480 (measured through «=0°)
Cy, = (0¢,f08,)ams;=0 (measured through §,=0°)
Cy, = (96108 ) amtomo (measured through 8,=0°)

The subseripts outside the parentheses represent the
factors held constant during the measurement of the param-
cters.

The lift coefficient, profile-drag coefficient, and pitching-
moment coefficient have been corrected for tunnel-wall
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effects. Section profile drag was determined by measure-
ment of loss of momentum in the wing wake. A com-
parison of force-test and pressure-distribution measurements
of section lift coefficient and section pitching-moment
coefficient indicated that the end plates had no effect on
these coefficients with the control surfaces neutral. No cor-
rections have been applied to. section hinge-moment coeffi-
cients and no end-plate correction has been applied to Ac,.
Because of possible tip losses, it is believed that the measured
aileron effectiveness is slightly low and rates of roll computed
from these data will be conservative. By comparison of
these data with section data on a similar airfoil, it is es-
timated that the decrease in the value of Ac; due to this effect
is not more than 12 percent.

TABLE I.—NACA 66, 2-216 (¢=0.6) AIRFOIL
[Stations and ordinates are given in percent of the airfoll chord]

Upper surface Lower surfaco
Station Ordinate Station Ordinate
0 0 0 0
0.371 1.243 0.62¢ -1.112
0.607 1.501 0.893 ~1.319
1.091 1.886 1,400 —1.608
2.317 2.616 2.683 -2.127
4.764 3.701 5.208 —2.869
7.284 4.563 7.716 ~3.441
9.781 5.308 10.219 —=3.934
14.788 6. 500 15.212 —4.702
19. 806 7.428 20,194 -5.290
24.832 8.156 25. 168 =5.741
29,862 8.708 30,138 —6.080
34.807 9.098 35.103 —6.312
39. 936 9.356 40.0684 —6.462
44.978 9.471 45.022 —6.523
50.023 9.431 49.977 —6,483
55.073 0.224 54.927 —0.330
60.141 8.800 59.850 —0.048
65.191 8.084 64.809 —b.5674
70.198 7.068 69.802 —4,868
75.181 5.880 74.819 —4.037
80.148 4. 585 79.852 =3.107
85. 106 3.285 84.804 =2.177
90. 061 1.937 80.039 —1.2356
95. 021 0.762 94.970 —0.432
100 0 100 0
Leading-edge radius=1.576 Tralling-edge radius=0.0925

MODEL AND APPARATUS

The airfoil used in these tests was construected of laminated
mahogany to the NACA 66,2-216 (¢=0.6) profile of 4-foot
chord and 5-foot span. The airfoil ordinates are given in
table I. The aft 0.35 chord of the airfoil was made remov-
able to allow the testing of ailerons of various chords. A
solid trailing-edge section was constructed and this section
and the main airfoil were equipped with a single row of
pressure orifices built into the upper and lower surfaces of
the airfoil at the midspan section.

The ailerons were constructed of laminated mahogany and
had a radius nose with a nose-gap seal of dental rubber dam.
The aileron ordinates for the thickened and thinned profiles
are given in table II and ordinates for the thickened and
beveled trailing-edge profiles are given in table III. The
ordinates of the normal-profile aileron are the same as the
corresponding ordinates of the NACA 66,2-216 (¢=0.6)
airfoil. The details of the ailerons and the modifications
tested are shown in figures 1, 2, and 3. The method of
determining the profile of thickened and beveled trailing
edges is described in the appendix. Since, as shown in
figure 3, beveling the trailing edge was necessarily accom-
panied by a definite amount of thickening, the profiles so
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FI1GURE 3.—Thickened and beveled trailing edges on 0.20chord, plain aflerons.

modified are for simplicity hereafter referred to as beveled
trailing-edge ailerons and beveling the trailing edge is under-
stood to mean thickening and beveling as shown by the
figure.

TABLE IL—ORDINATES OF THE NORMAL PROFILE
AILERONS AND THE AILERONS OF THICKENED AND
THINNED PROFILES

[Stations glven are wing statlons and ordinates are in percent of the airfofl chord]

0.20¢ Alerons (T'. E. radius=0.0025)
Stralght-sided termediate
Normal profile profile thlckenefl profile Thinned profile
Station
Upper | Lower | Upper | Lower | Upper | Lower | Upper | Lower
81.25 4.27 —2.85 4.27 —-2.85 4.27 —2.85 4.27 —2.85
£.33 . —2.45 3.8 —2.55 3.78 —2.50 37 —2.40
85,42 3.21 -2.07 33 —2.24 3.27 —2.18 3.156 —1.99
87.50 2.65 —1.67 2.88 -1.93 278 -1.80 2.53 —1.54
80.58 2.08 -1.28 2.40 —1.61 23 —1.45 1.8 —1.11
91.67 154 —0.91 1.63 —1.30 173 —-1.11 L35 -0.72
93.75 L.08 —0.58 1.44 —0.99 1.256 -0.79 0.88 —0.38
95.83 0.63 —0.33 0.68 —0.68 0.80 —0.50 0.50 —0.18
97.92 0.31 —-0.17 0.51 —0.38 0.41 —0.28 0.24 —~0.07
100 0 0 0 0 0 0 0 0
0.15¢ Aflerons (T. E. radius=0.0625)
87.50 2.85 —1.67 2.7 —1.75 2.68 —1L71 2.81 —1.60
89.58 2.08 —1.28 226 —1.48 217 —1.38 200 ~117
91,67 154 —0.92 1.82 -1.19 1.69 —~1.06 1.39% -0.78
3. 75 1.08 —-0.58 1.38 —0.90 L22 —=0.75 0.83 —0.38
95,83 0.63 -0.33 0.92 —0.60 0.78 —0.47 0.45 —-0.16
97.92 0.31 —=0.17 0.48 —0.33 0.40 —0.25 0.21 —0.07
100 0 0 0 0 0 0 0 -0

Tabs of 0.20-aileron chord were tested on 0.20-chord nor-
mal profile and straight-sided profile ailerons. The tabs
were full span constructed of steel in four sections to mini-
mize the spanwise bending. The tabs had a radius nose and
an unsealed nose gap of 0.0008 ¢. The ordinates of

the tabs were the same as the corresponding ordinates of
the ailerons. Details of the tabs are shown in figures 4
and 5.

Fressure bes
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FIGURE 4.—~The 0.20 aileron chord tab on tho normal-profile alleron.
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F1GURE 5.—The 0.20 aileron chord tab on tho straight-sided profilo ailoron,
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TABLE II.—ORDINATES OF BEVELED PROFILE
. AILERONS

[Btations given are wing stations and ordinates are in percent of the airfoil chord]

0.40c4 bevel 0.30ce bevel 0.20¢a bevel 0.10¢a bevel
8ta- | Up- | Low- | B8ta- | Up- | Low- | 8ta- | Up- | Low- | Sta- | Up- | Low-
tion | per er tion | per er tion | per er tion | per er
81,25 | 4.27 | —2.85| 81.25 | 4.27 | ~2.85| 81.25 | 4.27 { —2.85| 81.25 | 4.27 | —2.85
83,33 | 8,77 | —2.45| 83.33 | 8.77 | —2.45| 83.33 [ .77 | —2.45| 83.33 | 3.77 | —2.45
85,42 | 3,21 | —2,07| 85.42 | 3.21 | —2.07| 85.42 } 3.21 | —2.07| 85.42 | 3.21 | —2.07
87,80 | 2,71 | —L.75| 87.50 | 2.68 | —1.72| 87.50 | 2.65 | —1.67( 87.50 | 2.65 | —1.67
80,568 | 2,20 | —1.48| 89.58 | 223 | —1.44| 80.58 | 2.10 | —1.33 | 89.58 | 2.08 | —1.28
01,67 | 2,01 | —1,41| 91.67 | L83 | —1.25| 01,67 | 1.67 | —1.15] 91.67 | 1.68 | —0.98 |
92,00 | 2,00 | —1.40) 03,75 | 1.65 | —1.24)| 03,75 | 1.38 [ —1.05( 03.75 | 1.13 | —0.79
94,00 | 1.64 | —1.23| 96.00 | 1.27 { —0.08| 95.83 | 0.83 | —0.66
$8.00 | 0.73 | —0.58

Stmaight line from | Straight line from | Straight line from | Straight line from
this station tan- this statlon tan- this station tan- this station tan.
t to T, E, ra- gent to T. E, ra- gent to T. E, ma- gent to T.E. ma

fus of 0,062 dius of 0.062 dfus of 0.062 dius of 0.062

TEST INSTALLATION

The airfoil was mounted vertically in the test section of
the Ames 7- by 10-foot wind tunnel No. 1 as shown in the
photograph of figure 6. End plates were attached to the
5-foot-span section. Fairings of the same airfoil section as
the wing were fastened to the tunmnel floor and ceiling turn-
tables and were used to shield the connections between the

F1nuRre 6.—~The NACA 66, 2-218 (a=0.6) alrfoll equipped with the 0.20-chord plain afleron
of normal profile.
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model and balance frame. These fairings were not equipped
with ailerons. Provisions were made for changing the angle
of attack and the aileron angle while the tunnel was in opera-~
tion. Aileron and tab hinge moments were measured by
means of electrical resistance-type strain gages which were
mounted on members restraining the torque tubes of the
surfaces from rotation.

TESTS

For each of the aileron-profile and trailing-edge modifica-
tions, two series of tests were made. The first series obtained
aileron characteristics at the highest Reynolds number
obtainable (9,000,000) at five angles of attack (—4°, —2°,
0°, 2°, and 4°). A second series at angles of attack of 0°,
4°, 8°, and 12° was made at a reduced Reynolds number
(3,800,000). With the aileron meutral, section character-
istics were obtained at a Reynolds number of 8,200,000.
Section profile-drag coefficients were obtained with the ail-
eron neatral, at the ideal lift coefficient (¢;=0.21) over a
Reynolds number range of 3,000,000 to 10,000,000,

For the tab investigations the characteristics were obtained
for each of the two aileron profiles at a Reynolds number of
9,000,000 for angles of attack of —4°, —2°, 0°, 2°, and 4°.
These data covered a range of aileron deflections of 4-20°
and a range of tab deflections of £25°. Similar data were
obtained at angles of attack of 8° and 12° at test Reynolds
numbers of 6,700,000 and 5,500,000, respectively. With
the aileron neutral, section characteristics were obtained for
tab deflections from —25° to 25° at a Reynolds number of
8,200,000.

RESULTS AND DISCUSSION

BASIC SECTION DATA

The basic section data may be utilized to predict the
section characteristics of ailerons with any amount of
internal nose balance by means of the equation

es=attt (E5E)

where

(cx)p aileron section hinge-moment coefficient of aileron
with sealed internal nose balance

C aileron section hinge-moment coefficient of plain
aileron

B nose balance (expressed as fraction of ¢,)
R nose radius of plain aileron (expressed as fraction of
€a)

While the basic data are useful for purposes of aileron
design the prediction and comparison of the effects of aileron
profile modification may be more conveniently demonstrated
by means of section parameters. For this purpose plots
showing the relation of various coefficients and parameters to
other independent variables have been prepared. These
plots together with the other summary figures prepared for
the purposes of discussion are presented in figures 7 to 29.
The basic section data are included in figures 30 to 64. For
ease of discussion the effects of aileron profile modification,
thickened and beveled trailing edges, and tabs will be
discussed separately.
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AILERON PROFILE MODIFICATIONS

Aileron effectiveness.—The effect of the profite variations
on the aileron-effectiveness parameter €1 is shown in
figures 7 and 8. Thickening the aileron profile reduced tho
effectiveness, and thinning the profile increased it, tho
change being very nearly a linear function of d.

Aileron profile had a similar influence on effectiveness at
the higher aileron deflections where the flow over the aileron
had separated. Examination of the basic data of figures 31
to 38 indicates that tho differences due to profile modification
decreased at the higher angles of attack, there being only a
minor variation in effectiveness at an angle of attack of 12°
for the various aileron profiles.

To determine the effect of control-surface profile on the
aileron effectiveness of a typical installation, these data have
been applied to the prediction of the aileron control charac-
teristics of a typical pursuit airplane. The airplane data
necessary for the calculations are presented in table IV.
The calculations have been made assuming zero sideslip of
the airplane and no torsional deflection of the wing. The
effect of aileron profile on the wing lift-curve slope has been
included in determination of ¢, the damping-moment
coefficient due to rolling. The calculated variation of
pb/2V with total aileron deflection for the various aileron
profiles is presented in figures 9 and 10 for indicated air-
speeds of 300 and 120 miles per hour. Examination of these
figures reveals that the total aileron deflection necessary to
produce & given pb/2V at low speeds is little influenced by
aileron profile. Thus, the size and the total deflection for
an installation of given effectiveness will be unchanged by
control-surface profile modifications.

TABLE IV.—CHARACTERISTICS OF ASSUMED AIRPLANES

|
Medium
Pursult Bomber
W

square feet. 275 800
Span, feet. 41.5 80
Asxpect ratio 6,23 8.0
~aper ratlo a2is|  oo3800

66, 'y
lon { (a=0.8) (a=0,0)

8 ot F 0.505/2 { F 0.
o T rom 0. mm bob"‘l

to t[g to
Chord. e emeeacaaes 0. 20c 0. 20¢
Deflection - =£15° +16°
Alrplane:

“Wing loading, pounds per square foot. . ......... .7 &0
Afleron differential. o meeee e 1:1 1:1
Stick travel, inches. 2. i
Control wheel travel [ Y 1807
Control wheel diameter, inches. e 18

Aileron hinge moments.—The aileron hinge-moment
parameters ¢», and ¢», are plotted in figures 7 and 8 as

functions of d. These figures indicate that both of theso
parameters are inversely proportional to d. The value of
(9¢5[0c)s, varied with angle of attack and aileron deflection.
At small angles of attack and zero aileron deflection, there
was an approximate linear variation of (0cs/0a)s,-o with
d. At angles of attack greater than 6°, (dcs/O)s, has an
approximately constant value of —0.010 irrespective of
aileron profile.

The data of figures 7 and 8 have been plotted ,in figures
11 and 12 as hinge-moment parameters against lift param-
eters. These curves show the relative dependence of the
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aileron hinge moments on the aileron effectiveness and on
the slope of the wing-section lift curve, and indicate that
any reduction in hinge moments by profile alteration is
accompanied by a corresponding decrease in effectiveness.

Since the effect of aileron profile on AP/q was small, the
hinge-moment coefficients of ailerons with internal nose
balance will exhibit aileron profile effects similar to those
observed on the plain ailerons. As separation occurs over
the aileron at large deflections, there is an abrupt loss in P/q
over the suction side of the control (side opposite the de-
flection). This loss accounts for the nonlinearity of the
curves of AP/q against §, (figs. 31 to 38). It is this reduc-
tion in AP/q which causes the nonlinearity of hinge-moment
curves of ailerons with large amounts of internal nose
balance.
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Aileron control forces.—The effect of modification of the
aileron profile on aileron control characteristics may be
evaluated from two considerations: the reduction in con-
trol force due to the profile modification when the aileron is
designed with & given aerodynamic nose balance, and the
reduction in nose balance due to the profile modification
when the aileron is designed for a given control force,

Figures 13 and 14 illustrate the changes in control-force
characteristics which result from small changes in aileron
profile. The variation of stick force with pb/2V for a typical
pursuit airplane equipped with 0.20-chord ailerons with
0.534¢, internal-nosé balanée is presented in these figures for
indicated airspeeds of 300 and 120 miles per hour. At the
higher speed, a decrease of 0.009¢, in the aileron ordinates at

. 0.5¢, reduces the pb/2V obtainable with a 30-pound stick

force from 0.08 to0 0.056 and more than doubles the stick force
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internal nose balance at an indicated airspeed of 120 mph.
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for a pb/2V of 0.08. Increasing the mid-chord ordinates of
the aileron 0.009¢, changes the stick force from 8 pounds to
an overbalance of 7 pounds at a pb/2V of 0.05. Since results
of overbalance are likely to prove catastrophic in a high-speed
dive, due to the ailerons taking control, every effort should
be made to maintain manufacturing tolerances and allowable
surface deformations at a value which would preclude the
occurrence of this condition.

The possible use of aileron profile changes to obtain desired
stick-force characteristics is illustrated by figures 15 and 16.
Control-force characteristics are shown for a typical pursuit
airplane equipped with 0.20-chord ailerons. The airplane
data necessary for the calculations are presented in table IV,
Each aileron was assumed to have an internal nose balance
such that a pb/2V of 0.08 could be obtained with a 30-
pound stick force at an indicated airspeed of 300 miles per
hour. It will be observed that the thin-profile aileron which
is closely enough balanced to satisfy the 30-pound stick-
force limitation at high speed is overbalanced 4 pounds at a
pb/2V of 0.035. As the aileron profile is thickened, the
control-force gradient becomes more positive, and the linear
range of the gradient is extended to larger values of pb/2V.
The primary problem of aileron-balance design is to make
the control light enough at very high speed, while avoiding
overbalance in any part of the deflection range, and retain-
ing sufficient “feel” at low speeds. The danger of over-
balance can be minimized by the attainment of a linear varia-
tion of control force with pb/2V at high speeds. The non-
linearity of the hinge-moment curves of ailerons designed
with internal nose balance prevents the realization of this
ideal condition, but aileron profile offers a limited means of
controlling the value and the linear range of this control-
force gradient. These effects of aileron profile on control-
force gradients are due mainly to two causes: the reduction
in the amount of nose balance required by the thickened
aileron profiles, with the consequent reduction in the non-
linearity of the hinge-moment curves of the balanced ailerons;
and the presence of an unfavorable response characteristic
(positive (dcy/da)s, at low aileron deflections (where an
increase in stick force is desired), with favorable response at
high aileron deflections (where a decrease in sticlk force is
desired). This effect of response on control-force gradient is
illustrated by figure 17 presenting the variation of Ac,’ and
Ac/ for the static condition and for the dynamic rolling
condition of the assumed pursuit airplane.

The effect of aileron chord on the control-force charactor-
istics can be obtained by & comparison of the 0.20-chord and
0.15-chord ailerons of normal and straight-sided profile.
Flgure 18 presents the variation of stick force with pb/2V
when the 0.15-chord and the 0.20-chord ailerons are each
designed for a 30-pound stick force for a pb/2V of 0.08 on
the typical pursuit airplane at an indicated airspeed of 300
miles per hour. In all cases the 0.20-chord ailerons produce
2 more nearly linear variation of stick force with pb/2V
than can be acquired with the 0.15-chord aileron.

Lift.—The variation of ¢;, with 4 is shown in figures 7
and 8. These curves indicate that ¢;, varied approximately
linearly with d, decreasing as d was increased.
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Pitoching moment.—Thickening the aileron profile caused
an increase in (0¢x/0¢,)s,~q corresponding to a forward shift
of the aerodynamic center. This is shown in figures 39
and 40.

Drag.—Figure 41 presents the variation of section profile-
drag cocfficient with Reynolds number at the ideal section lift
coefficient (¢;=0.21). Thinning the aileron profile had no
cffect on the section profile-drag coefficient, but thickening
the profile to straight-sided caused an increase in ¢4, of 0.0004
for the 0.20-chord aileron and 0.0002 for the 0.15—chord
aileron,

Reynolds number.—Examination of figures 31 to 38
roveals that at small angles of attack, increasing Reynolds
number resulted in a loss in Ae/, Acy’, and AP[q. The
magnitude of these effects of increasing Reynolds number is a
function of d, increasing as d is increased. (Sec figs. 7 and 8.)
At angles of attack beyond the low-drag range (greater than
2° and less than —1°), the effect of Reynolds number was
considerably reduced. Measurements of the airfoil bound-
ary-layer profiles indicated that these Reynolds number
cffects were caused by a forward movement of the transition
point, with the aileron deflected, due to increasing Reynolds
number. This forward movement of transition, resulting in
a thickening of the boundary layer at the beginning of the
pressure recovery, reduces the peak of the basic incremental
lift and results in a less complete recovery, thus causing a
decrease in effectiveness and AP/q.

THICKENED AND BEVELED TRAILING EDGES

Aileron effectiveness.—The effect of the beveled trailing
edge on the aileron effectiveness was similar to the effect of
thickening the aileron profile. The effect of the bevel was
to reduce the aileron effectiveness parameter (9a/0d,), by
about 10 percent.

Beveling the trailing edge had a similar influence on effec-
tiveness at the higher aileron deflections, where the flow over
the aileron has separated. Examination of figures 42 to 45
reveals that at an angle of attack of 12° there was only a
minor variation in effectiveness due to beveling. The
delaterious effects of trailing-edge bevel on aileron effective-
ness were a maximum for the 0.20¢, bevel and decreased for
both increasing and decreasing bevel lengths.

To determine the effect of beveled trailing edges on the
aileron characteristics of typical installations, the data have
been applied to the prediction of the aileron control charac-
teristics of the pursuit airplane discussed in connection with
profile modifications, and to the prediction of -the control
characteristics of a medium bomber. The airplane data
necessary for the calculations are- presented in table IV.
The calculated variation of b/2V with total aileron deflection
for the various bevels is presented in figures 19 and 20 for
indieated airspeeds of 300 and 120 miles per hour. Examina-
tion of these figures reveals that the aileron effectiveness at
low speeds was little influenced by aileron trailing-edge
profile. Thus, as was the case for the profile modifications,
the size and the total aileron deflection for an installation of
given effectiveness would be unchanged by beveling of the
nileron trailing edge.
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Aileron hinge moments.—As shown by figures 42 to 45,
beveling the aileron trailing edge resulted in an algebraic in-
creasein cx,,. However, at large angles of attack, the effects
of the bevel tend to disappear. Comparative curves of Ac,
against §, for the various bevel lengths are shown in figure 21.
The balancing effect of the bevel increased with reduction in
bevel length to an optimum value with the 0.20¢, bevel.
For the shorter bevel, the balancing effect was lessened.

Unlike the thickened and thinned aileron profiles, the
presence of the beveled trailing edge had a large effect on
the angular range of linear hinge-moment characteristics.
At ay=0, this range was reduced from 16° of total aileron
deflection for the normal-profile aileron to 8° of total aileron
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deflection for the 0.20c, bevel. This linear range was a
minimum for the 0.20¢, bevel, and increased for both in-
creasing and decreasing bevel lengths.

As in the case of the thickened and thinned profiles, the
value of (bc,,/ba)aa varied with both angle of attack and
aileron deflection. At small angles of attack and small
aileron deflections, the boveled frailing edge caused a large
algebraic increase in (0¢y/0a)s, (from —0.0049 for the nor-
mal-profile aileron to 0.010 for the 0.20c, bevel). A positive
value of (9¢»/0a)s, will induce an unfavorable response and
will tend to increase the effective dihedral and the damping
in roll, stick free. As the aileron angle was increased,
(@cpf0a)s, became negative (i. e., the response became
favorable) for the beveled profiles at the aileron deflections
at which separation occurred over the ailerons. At angles
of attack greater than 6°, (9¢x/0a)s,~o had a constant value
of —0.010 irrespective of aileron profile.

To determine the effect of nose seal on the beveled trail-
ing-edge profiles, tests at five angles of attack were made
on the 0.20¢, beveled profile with a 0.25-inch (0.0052¢) nose
gap. The data obtained are shown in figure 46. In addi-
tion to the loss in effectiveness usually associated with this
condition, the nose gap decreased the hinge moments at low
aileron deflections and further decreased the angular range
of linear-hinge-moment characteristics. Because of the de-
creased effectiveness, the unsealed beveled aileron is inferior
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to the sealed beveled aileron as a means of reducing con-
trol forces.

The data for the beveled trailing-edge ailerons have been
plotted in figure 11, together with the data for the thickened
and thinned profiles, as hinge-moment parameters against
lift parameters to show the relative dependence of the
aileron hinge moments on the aileron effectiveness and on
tho slope of the wing section lift curve, The small deviation
of the experimental points from the mean curves indicates
that the relationships indicated are not influenced by the
chordwise distribution of thickness of the control-surface
profile. An experimental point is also presented from data
obtained on an NACA 0009 airfoil (reference 4) which indi-
cates that for the same effectiveness, similar hinge moments
may be anticipated for ailerons on an NACA 66,2-216 (¢=0.6)
airfoil as are experienced on ailerons on an NACA 0009 air-
foil. A similar agreement between the subject data and
the NACA 0009 data did not exist for ¢, against ¢;,.

The effect of the beveled trailing edge on AP/q was small
and similar to the effect of thickening the aileron profile.

Aileron control forces.—Figures 22 to 25 illustrate the
changes in control-force characteristics which result from a
beveled ftrailing edge. The airplane data necessary for
these calculations are presented in table IV. For the
pursuit airplane, the ailerons were selected with 0.40c¢,
aerodynamic nose balance, and for the medium bomber no
nose balance was used. At a pb/2V of 0.08 at high speed,
the 0.30¢, bevel caused a 70-pound reduction in stick force
for the pursuit airplane and an 80-pound reduction in wheel
force for the medium bomber. At low speeds the percent
reduction in control force due to the bevel was less. This
was caused by the previously mentioned reduction in bevel
effect on hinge moments at large angles of attack. The
effect of the trailing-edge bevel on the angular range of
linear control characteristics is further emphasized by
figures 22 and 24. While the variation of control force
with pb/2V was linear for the airplane equipped with normal-
profile ailerons to a pb/2V of 0.07, the linear range with the
aileron with a 0.20¢c, bevel (sealed) extended only to a
pb/2V of 0.085. The removal of the nose seal on the 0.20¢,
bevel aileron further reduced this range to a pb/2V of 0.02.

Figures 26 to 29 present the variation of control force with
pb/2V when each aileron had an assumed nose balance such
that a pb/2V of 0.08 could be attained with a stick force of
30 pounds at 300 miles por hour on the pursuit sirplane and
a wheel force of 80 pounds at 250 miles per hour on the
medium bomber.

For the pursuit airplane under consideration, the 0.40c,,
0.20¢,, and 0.10¢, beveled trailing-edge ailerons were over-
balanced for moderate values of pb/2V at V,=300 miles per
hour. This overbalance is a result of the reduced linear
range of hinge-moment coefficient against aileron deflection
due to the beveled trailing edge and the reduced offective-
ness of the beveled profiles. Another contributing factor
to the overbalance is the fact that the addition of the bevel
caused a larger reduction in AP/q at large aileron deflection
than it did at smeall aileron deflection. This difference
increases the effectiveness of the internal balance at the
aileron deflections corresponding to low rates of roll and thus
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contributes to the overbalance. These deleterious effects
are partially compensated for by the reduced balance
required with the beveled profiles and the presence of an
unfavorable response at low aileron deflections and a favor-
able response at high aileron deflections, both factors
tending to increase the linearity of stick force against pb/2V.
While the ailerons with 0.80¢, bevel were not overbalanced,
the variation of stick force with pb/2V was not as nearly
linear as was the gradient attainable with the normal-
profile aileron.

When applied to the medium bomber, the bevel had an
equally large effect on the wheel-force gradient and the nose
balance required for a high-speed wheel force of 80 pounds
for & pb/2V of 0.08. When designed for this condition, the
required nose balance varied from 0.455¢, for the normal-
profile aileron to 0.296¢, for the aileron with 0.30¢, bevel.
The effect on high-speed wheel-force gradient was such that
the control force necessary to attain a pb/2V of 0.06 varied
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FIGURE 25.—Effcect of beveled trailing edges on the aileron-control characteristics of a
medium bomber equipped with 0.20-chord, sealed gap aflerons with no nose balance
at an indicated airspeed of 100 mph.

from 54 pounds for the normal profile to 25 pounds for the
0.40¢, bevel profile. At low speeds the control force was
increased due to the presence of the bevel. This effect is
due to the reduced nose balance required of the beveled
contours.

Lift.—Thickening and beveling the aileron trailing-edge
profile caused a decrease in ¢;,. This is shown in figure 47.
The effect was maximum for the 0.20 ¢, bevel and decreased
for both increasing and decreasing bevel lengths.

Pitching-moment.—Beveling the aileron trailing edge
caused an increase in (Ocm/Oci)s,=0 corresponding to a
forward shift of the aerodynamic center. This is shown in
figure 47.

Drag.—Tigure 48 presents the variation of section profile
drag coefficient with Reynolds number at the ideal lift
coefficient (¢,=0.21). The presence of the aileron bevel
caused an increase in ¢4, of 0.0001.

Reynolds number.—Examination of figures 42 to 45 and
measurement of the airfoil boundary-layer profiles indicated
that Reynolds number had an effect on the beveled aileron
profiles similar to the effect noted for the thickened profiles.
The result was a loss in A¢//, Acy’, and AP/q. The magnitude

of these effects was a maximum for the 0.20 ¢, bevel and de-
creased for both increasing and decreasing bevel lengths.

TABS

Basic section data for 0.20-aileron-chord tabs on 0.20-
chord ailerons are presented in figures 49 to 56 for the normal
profile aileron and in figures 57 to 64 for the straight-sided
profile aileron. While the-basic data are useful for purposcs
of design, the comparison of the effects of tabs may be more
conveniently demonstrated by means of the section param-
eters. These parameters as obtained from the basic data are
summarized in table V.

TABLE V—SECTION PARAMETERS OF THE NACA 066,2-216
(a=0.6) AIRFOIL EQUIPPED WITH 0.20c PLAIN SEALED
AILERONS AND 0.20¢c, PLAIN UNSEALED TABS

Straight-
Reoynolds | Normal
Parameter number profile girgﬁ('la
dafola . .... | —0.40856 | —0.377
Q¢ Ra)s, cgymg 8, 200, 000 . 1053 . 0995
@8y s Bymes 9, 000, 000 L0427 .0378
(G112 15 SO S, 9, 000, 000 .0108 . 0085
Rt rIE B
o -y - s . .
e=dum0 9,000,000 | —.0085 | —.0075
@cx,Ra)s mdparg 8,200,000 | —.0028 | —.0024
@1 ey g, pmg 9,000,000 | —.0044 .0010
[C 2001y ST S 9,000,000 [ —.0074 | —.0030
AP/DRals cg =y 8, 200; 000 . 009 .00y
d APIq;/a&. By 9, 000, 000 .00 .00
APy 8o 2g 9, 000, 000 .0055 .003

Tab effectiveness.—The effectiveness of a tab as a means
of reducing aileron hinge moments is measured by the param-
eter dc, /08, and by the ratio of this parameter to the param-
eter 0c,/d8,. As shown by table V the value of 0c,/08, is
—0.0085 for the normal-profile aileron and —0.0075 for the
straight-sided aileron. These values are comparable to
values obtained for similar control surfaces on an NACA
0009 airfoil (reference 4). The value of the ratio g—?;//—g—;—: is
0.89 for the normal-profile aileron as compared to 1.5 for
the straight-sided aileron. This indicates that the tab on
the straight-sided plain aileron is approximately 68 percent
more effective than the tab on the normal-profile plain ail-
eron. As might be expected, the tab on the normal-profile
aileron remained effective to larger deflections than did the
tab on the straight-sided aileron. It should be noted that
previous results (reference 5) have indicated tabs to be more
efficient with the tab gaps sealed; however, the effect of
seals was not included in the present investigation.

Tab hinge moments.—The value of the tab hinge-moment
parameter Oc,, /08, as shown in table V is —0.0074 for the
tab on the normal-profile aileron as compared to —0.0039
for the tab on the straight-sided aileron. These values arc
of approximately the same ratio as the ratio of the aileron
hinge-moment parameters 0c,/04,.

Applications of tabs.—It has been shown in reference 1
that fixed tabs in conjunction with a differential linkage offer
a means for reducing aileron-operating forces. Such tabs
do not appreciably influence the aileron effectivencss.

The results of reference 2 have indicated that the use of
ailerons with simple or spring-linked balancing tabs would
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reduce the high-speed control forces to considerably less than
those experienced in the use of plain-sealed ailerons if the
systems were designed for low maximum deflections. How-
ever, because the over-all effectiveness is less for an aileron
and simple balancing-tab combination then for & plain ail-
eron, the chord, the span, or the maximum deflection must
be greater for the aileron-tab combination than for the plain
aileron to produce a given maximum rate of roll.

The use of spring-linked tabs designed to give desirable
force characteristics at large rates of roll at high speed would
reduce the variation of control force with speed and would
also cause an increase in rolling effectiveness for a given
control deflection as the speed was reduced, relative to plain
ailerons or ailerons with simple balancing tabs.

The basic tab data contained in figures 49 to 64 are suffi-
cient for the application of tabs on a low-drag airfoil to any
of the foregoing types of installations.

CONCLUSIONS

Results of tests of various aileron profile modifications
and tabs on the characteristics of ailerons on the NACA 66,
2-216 (a=0.6) airfoil indicate the following conclusions:

1, Aileron profile offers a convenient means of adjusting
the high-speed control force and the control-force gradients
for conventional ailerons on a low-drag wing. Thickening
the profile, which decreases the aileron hinge moments, also
decroases the aileron effectiveness. Thinning the profile has
the opposite effect. These effects of profile diminish as the
angle of attack is increased, there being practically no effect
ab an angle of attack of 12°.

2. The necessity of fabricating aileron profiles to close
tolerances is illustrated in that deviations of the order of
-+ 0.005 aileron chord from the specified profile on the ailerons
of a typical pursuit airplane can cause stick-force variations
of 420 pounds for a large rate of roll at an indicated airspeed
of 300 miles per hour.

3. Of the aileron profile modifications included in this
investigation, the aileron with the straight-sided profile dis-
played the most desirable force characteristics. The variation
of high-speed control force with rate of roll was most nearly
linear for this profile, thus minimizing the danger of aileron
overbalance in high-speed flight. The ease of fabrication of
a straight-sided profile is especially desirable when applica-~
tion is to be made to a low-drag airfoil with its characteristic
cusped profile. The application of tabs to the straight-sided
aileron offers no difficulties, the tab effectiveness being of the
same order of magnitude as for the normal-profile installation.
The increase in minimum section profile-drag coefficient
caused by departure from the optimum cusped profile is only
of the order of 10 percent.

No consideration has been given in this report to the effects
of compressibility. Tests have indicated that Mach number
effects can be minimized by maintaining the trailing-edge
angle of the control surface at as small an angle as possible.
It is thus possible that at very high Mach numbers the
normal-profile aileron may be superior to the aileron of
straight-sided profile.

AmEs AERONAUTICAL LABORATORY,
Narionar Apvisory CoMAITTEE FOR ABRONAUTICS,
MorrerT Fierp, CaLIr.



526 REPORT NO. 803—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

APPENDIX

The method of determining the thickened and beveled
profiles is outlined below:

1. At the chordwise station defining the bevel, a per-
pendicular was erected.

2. With the intersection of the mean line of the normal
profile and the perpendicular as a center, & circle was con-
structed.

3. The radius of the circle r was such that the intersection
of lines drawn from the hinge center of the aileron and the
trailing edge of the aileron intersected on the perpendicular
at 10° at a distance r from the mean line.

4. With these intersections defining their centers two
circles of radius r were constructed and tangent lines drawn
from these circles to the trailing-edge radius.

5. The forward profile was a free fairing for 0.40c. at
which point normal profile was regained.

6. The intersection of this fairing and the bevel was
slightly rounded but no attempt was made to fix this radius
of curvature.

This method of construction was favored because it was
assumed that the action of the bevel was similar to that of
a balancing tab and it was desired to maintain every variable
constant except the length of the bevel. The aileron profile
forward of the bevel was faired into the normal profile to
eliminate the abrupt change in profile at the hinge line which
would result if straight-sided surfaces were used.

Q20c
f——0.40¢;

! “TE rodius
/ 0.0006¢
-Stroight line

. Normal profile-:
“Normal ond bevel profile
Consiruction of beveled frailing edge allerons.

REFERENCES

1. Soul§, H. A., and Hootman, James A.: A Flight Investigation of the
Reduction of Aileron Operating Force by Means of Fixed Tabs
and Differential Linkage, with Notes on Linkage Design. NACA
TN No. 653, 1938.

2. Rogallo, F. M., and Purser, Paul E: Wind-Tunnel Investigation of
a Plain Aileron with Various Trailing-Edge Modification on a
Tapered Wing. III-Aflerons with Simple and Spring-Linked
Balancing Tabs. NACA ARR, Jan. 1943.

3. Morgan, M. B., Morris, D. E,, and Bethwaite, C. F.: Flight Tests
of Spring Tab Ailerons on a Spitfire. R. & M. No., 2029, British
A.R. C., 1942

4, Ames, Milton B., Jr.,, and Sears, Richard I.; Determination of
Control-Surface Characteristics from NACA Plain-Flap and Tab
Data. NACA Rep. No. 721, 1941.

5. Imlay, Frederick H., and Bird, J. D.: Wind-Tunne! Tests of Hinge-
Moment Characteristics of Spring-Tab Ailerons. NACA ARR
No. 4A26, 1944,



527

EFFECTS OF PROFILE MOFIDICATION AND TABS ON LOW-DRAG AIRFOIL ATLERON CHARACTERISTICS

15 20 25

/0

5

o

-5

Aileror deflectfon, 65, deg

-0

.../5

-20

-25

(b) R=3,800,000.

5 20 25

/0

5.

o

-5

Aileron deflectior;, 62, deg

~/0

=15

F10URE 31.—~8ection aerodynamic characteristics of an NACA. 68, 2-216 (a=0.6) airfoll equpped with a 0.20-chord, sealed gap, plain aileron of normal profile.

-20

1OV pUBWEIOU] JUSIOILIBOD LYl LIOJIO3S 12y JeWwaI2U,
o MmN o g 2.\tmoc.$m.o1.u k\ﬁa\tﬁmm .
_ [TT® R T
NVEIES ﬁ R : N |
/AN 1 S Q _ \ IR S /i
N Q - Q
Zama Ry MM. g R M |
| Rl RS ) Ll
ﬂ._Ac *. ._a.m mlm.. \\ '\ I__v vxm ]
\ : ; > H AR
7 SR o TR
3 A <
V/ = /
om \
4
" .lw lA.. -
M :_u m N Am“_v—v JM/A ~
7 K *
¢ 4 -5 93 S1/d A —f ﬁ .
FS p T < \‘7 N kl I ] //
/. ik L 9 / / ) a S 4/¢
// 1 T /! D f it
MM S WA N A Tarala 3
Q_M | %\ __ \. R //7w J
{ 3 l.hr [ & u..\gnlA
MmN Y ° %~ Y 8 ¥ ° ¥ 8 ﬁm RN 5
Yo QU800 P ¢ v M\& =3 D YUBIIF0D onyg )
HIBUOUI-BBUL LYODS oo e opeaygond Lolo0g N ALRUOUBOUL UHDS iy seyopymon Bop-ayisond Uon29S
NZ
X A\
o ™ //. W,
¥ 033y ) VAN SSYRA
N\ SAREA X S, dTes
./( > ooda S N M cda°
N 0 LA
Ny
L
| o}
- 3 S
g
N 8 AN
SR S
e I /«,/
///.. 1) /ﬁ P
W 2 A
Vi s
¥ -
Q S BN N H R TR SR RO
t

Y @©@ Q@ % N o wn ¥ © @ 9

~ . . r " I I _/.

BV 7055 S50 LIOIB/IO SSOIIO JUSIOIISOD BINSSEICT JO SIS I/

< : : ' ) r ) =
b/gv J09s 950U LIOL5)ID SSOIID JUBINEIB0I unsSEId JO xtmﬁm..\uﬁx

25



528 REPORT NO. 303—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

.3 R
g 5w |
a 1]
4 /0 Eg.2
> g-lo AN
g ©§ N
» .8 5/ <
2 SR ‘ '
1 1—{ K | I
g 6 %ﬂ‘/ 3 g0 3 ' 8
5 % N L ! |
Y L} »
S 4 g G -/ ' 68
5 * , e
& B
9 * 5
g 2 S 08 2 - SN —i K- ]
3 - %
3 S . 8
® 0 o 04313 2 ey 2R
5 § S *E;E%E:J:w - e X
G < I SR S EEE N el g
h - - SretT X~
-2 s 0 e 0
Qg 19 J % S04 —'2§
3 g.é 3
S gl 22 %o, kg -08 PN
E===4 o 20 $ gz 8
S - i L~
0 o 0.0/ 8 L_ // Ac; !g
w =8 a 208 [ ' : (%)
3 n 4./4
g
p-20
Q
g ()
-25 -20 -/5 +/0 -5 o 5 0 15 20 25 -25 -20 -/5 -0 -6 o 5 /0 /5 20 25
Aileron deflectror, 6z, deg Aileron deflection, 64, deg
(8) R=0,000,000
NN
N2 S NN
< -~ )
N 7 1 88 5
QDJ -8 )y > 1 E\ \\1 J
] = g,'Q\) s \L \\ o
2 g8 i T\\ N
3 6 7 7 <t
N $§8 0 S .8
S 4 4 3 RN
_@ / (9')’ _ I \\ \J ) oy
3 / .Gq
/{ )\j\‘ I % Lx/ ol s
3 & + - 3 ) E
o 7
C g T .08 -2 S - A g
§ 0 a4 ;?3: E 2 IR
IS S .04 3 —r 28
g-2 / 88 Iy Gt %
:2;; //)V/«V D‘i 0 S B ST 0 SR Acy, 0,8
s a4 8 ITiasass S
W / 7 T E R, SISO G ey —I )
g R L-04 23
S T 3 %74 g
"3 A “00: 5/'357 § -08 »/A(Ai/ - >
q, _iA d o A C—> ’
N o 414 L WAL F;‘id S
S XX o 827 9 % ES —1-6
' 7 o 1237 3 7 - e
) A / ? va _,1/-‘:?_.._%/2 -
S N/ 05e -8
6 y P G03c¢
L2 (b) =
=25 =20 -/5 -/0 -5 o 5 10 /5 20 25 =25 =20 -/5 -0 -5 (0] 5 /0 5 20 25
Aileron deflectfori, 6., deg Aileron deffectror, 6a, deg
(b) R=3,800,000.

F1GORE 32.—Section acrodynamic cheracieristics of an NACA 66, 2-216 (a=0.6) airfoll equipped with a 0.20-chord, sealed gap, plain alleron of thinned profi'c. dm—0,0004.



529

BEFFECTS OF PROFILE MODIFICATION AND TABS ON LOW-DRAG AIRFOIL AILERON CHARACTERISTICS

1D JUSWS /oL LUBIDILBOD Sl LIOILISS

Q e ¥ N Oy Y Q@ «
1 |’ ] 5.
NPE EENER
—-_. ,ll 2
h | AT R
M o H
¢ : O
" 3 ] : >
] ﬁ [
' _ ) )
N | fm /@,
. g
[V s
0.
o=
3
& R m
: | - kY
EJ‘.F 4 R3
im "
¥ \¥ ?
A.f. Hy roq
P §
_ LA 0
K U S S I 8 |
v ¢ ) 2 2 > —
ol By crgpoas: Foy s ous z

LUBPIYB0D boyp-sjitord toit2ag

-0 -5 o 5 /0o /5 20 25
Aileron defkection, 6q, deg ’

/5

=20

in ]
AN Yrgsen
N //( %._4_024
N > Oodan
PR
)
Q @ @ ¥ N o . a4 ¥ 0 "o Q
N { A X 2 2 N

m\wd Y09s BSOU LIOIF/IO SSOLID fUBIDNLB00 BinSSELT SO meEm._\ut\

=<}

(a) R=0,000,000,

10§ QLB I JLISIIILIDOD Ll LIOILIDS
N ©

~20

/5 20 25

10

5

-5 o
Aileror deflection, 6., deg

- /0

-/5

-25

/5 20 25

-0 -5 o 5 /Q
Aileron deffectron, 8., deg

-/5

-20

@ o v N9 Yoe 9
TR 1]
RY/S N -y
AN\ \ g
w_._w_u___.-.m._.a %d K
4 1 Q
PPN L s
/ 2 _
- s
NS
] ki
I FATIAN /A
. Hil :
// TS
Wm .\\. bt _..‘ ....4 _wr. __. M// N
IV LI\ 1Y
noN s S % 8 g 3 8 =
9 YLIBIN 150D 0P £ L
AUBUIOU-BBLIY Loy xtm\Qbmoﬂdetkaw\%%uQ e Tty
AR
[
[
NR\Y w.
\ ¥swn
%0482
i o409
SN
N
N
/,AMMW//
SMNAEN
AAVEAS
AN
I\ AN
NERY
|

I ¥ @ ¥ & o u % o 9

~
b/ o055 eSOU LIOIS)I0 §SOII0 JUSIINY

D
502 3INSSILT LO JIBWSIOU]

-25

(b) R=3,800,000
F1qugrE 33.—8ection acrodynamio characteristics of an NACA 68, 2-216 (a=0.8) airfoll equipped with a 0.20-chord, sealed gap, plain alleron of intermediate-thickened profils. d=0.009¢,-



530 REPORT NO. 803—NATIONAL ADVISEORY COMMITTEE FOR AERONAUTICS

1 g ’
&
5 i
0 58 Wi o
3 o
o ¢ Qg i
: 8§
6 59~/
) A % ©
8 i A
X 4 “ -2 .8
o |
3 - | -
- Q
§ .2 .g .3 ) .t‘:“g
S >
* o ‘§ . .08 - 4
Ky 83 /fﬁg 3
3-2 §r GARECEEE.
] E 2 2 23 ‘5
] D e i o 0¥ T B e oo A
qg -4 / ‘4{\3 é Y . ~EI RSNy ‘i S O%
i y-
% &, deg E\ .
" v 4.3 5 ~04 29
3 i s 50 2 2
o A =
N a 208 3 ~08 S
g o 4/4 aAc .8
§ g4 S
L0 v e 3
S (a) ¥
-8
-25 20 75 10 -5 0 b5 10 /5 20 25 <-25 -20 -5 -0 -5 .0 & 10 /5 20 éif
Aileror: deflectfor;, 6a, deg Aileron deflectiors, 6. ; deg
(a) R=9,000,000.
2
Q‘ s
Do y
/ <
N 3 IaN=NE
b 0!) —
9 .8 g{% 0 ) ~—
8 3 =N
[N | ] 5 [¥] -/ 8
N e b N
3 4 S -2 L1169
S ) i g
9 - 2 ¢
g .2 74 g -08—=3 z 4 48
3 : 8 2 iR
koo g .04 = 28
: 5 e M,
@ { 04 ;-"‘P Ac, ‘E
AN / ~ -~ _— o o
% ~2 g’*& o R DO i e - == = 0'0
8 ~? E ] o g = :::‘
v_, A/ L8_ 23
5 4 S L .04 -4 hd
2 WV ¥, gt ¥4 £
e / )l/ / - A/ g
6 g .08 7 4
;2* ' 5 ac 5
3 7] o ) deg 7 B %4 %
& =8 s 414 7800000118 ~63
S o 827 6, 700,000i—
8 o 1237 8500000
L-10 -8
§ ()
-25 20 ~15 /0 -5 O 5 /0 15 20 25 -25 <20 -/5 -0 -5 0 5 /0 /5 20 25

Ailerorr deffection, 6., deg

(b) R=5,500,000 to 7,800,000,
FIGURE 34.—Section acrodynamic characteristics of an NACA 66, 2-216 (a=0.6) airfoil equippod with a 0.20-chord, gealod gap, plain atleron of stralght-sided profile. d=0.018¢..

Arleron deffection, 6., d=~



531

EFFECTS OF PROFILE MODIFICATION AND TABS ON LOW-DRAG AIRFOIL ATLERON CHARACTERISTICS

10V QU IOUL JUSION PO J1l LIOIIIBS
i © Y

° @ % N N 0
RN
Bard
i |
Wl T R
4 .__. 1)
W] @ Q
/ W u_l A
1 N
.N Ay .r__._._w.w A I\M+W m :m.
e i )
7 3 L 0O
3 N
L
Q%
3 3
W
= AN 0
3 alis N ! m.
el W
; sl
...w..._h.. | [ ¢
iz ?
\ .--- 1]
Al s
1378 v
|l LG !
_ 40
m ~ Q N M o ﬁ
~
. h <“u wtm\,u\tmo_.o v g % M W % =z _
Yy °Po g Wit 10U/
puBUIOU-BBUIY UOHIDS | oro1i1000 Lot Loyoes o
N
('d
3 10
Q
pS ST
Ry No t .1024 Q w..
poodn =%
10
/ SR
e
0
N\ '8
ol
~
T
Q
[}
—_—r 40
A\ N
©
W

Q9 @ Q@ + N o & ¥ © 9 M
1

~ : : : " r 1 "
b/gv yoas asou uossyo ssosoo AUHOUNYBOD F_ISSEIT 4O WA INY

(a) R=9,000,000.

DV WIBWS I JUKLLDOO ] LOHIBS
o W

Q @ ©Q * DY o QY X © Y] Q

® @ % N Y @ @
_ Q
AN T
/y// Y % m
\ , / P o
\\.. \N [ty =
@m bt Q
youl. N N
A ]
17 s
e oF
J7AVAVA 2
5. 3
/ N
1 L& 3
i T %/VA $R
\ % L.ﬂ p._.. N, 6
\\w / \ « /.//// _
/] ! s Q
Jamns TN
N N T T T T TR S i
% g\ Q\L\..\NO_U ! _ m30< qk.hg.mlx.vb\\ . : w
HUBUOU-BBUY LOYOOS o150 bopp-aland Loloes o
o\
o m
s
/l/% VSIS 2
¥ S ¥ou o
: N\ 0409 <3
T o
B o.m
N 8
VRN 3
NG, AN
NN NN :_um
NS 23
<
N R
[L-3 \ \ W
Q

~ : : : : r ( _. r $
BV 095 250U UOIS)ID SSOISO B F0D FINSSOIT SO El_\ut\

(b) R=3,800,000,
F1auRE 35.—Bection acrodynamic characteristics of an NACA 66, 2-218 (a=0.6) alrfofl equipped with a 0.15-chord, sealed gap, plain afleron of normal profile.



REPORT NO. 803—NATIONAL ADVISORY COMMITTEE FOR AERONATUTICS

532

1oy qows oLy x&&@ﬁmov 15 OIS
¥ @ T W N

4
-6

y/ A\ :
7 W\ )
\

-

Ch
ANNW
.
Acy

)/ /78 o)

/
y
s

——

BN
14

i1

[ Y 3

LR R TR SR

Yo YU/ I80D %Pay Yswssoul _ RS

- : =
Juswow-abuit) LOY28S LUBINLBOD BOp-3404d LI5S

?
\ o
YHEsSeY
%430.2.4
[
poodld
N

/5 20 25

-0 -/5 -0 -5 (%) 5 10
Aileron deflection, 8a, deg

-25

5 20 25

-0 -5 Q 5 /0
Aileron deflectiors, 6., deg

-15

-20

? ¥ @ ¥ N o & ¥ o ©
" | v I’
b/gY 7058 ISOU LIOIS/IO SSOII0 JUIIINYIS0I SMSSBIT JO JUNHUS D]

-25

(a) R==9,000,000.

OV QIBUWSIDUT JUNDULIDOD LIl LIOIID8S

/
b/gv yo05 ss0L Lrossy0

X i N [ v o
5 EEEEN
\ ._.».__ N
AN o O
7 RS ;
S e
B T g
ZVAIRN i AT
T ¥
7 __ od
K
Yo M
AN " ,m
i ] _
= By |M_.. 5 m
54 iy N R
> iammmNYmEb
v 1
\ \\N 2_) I valu J /./ ﬁ
AR ik .ﬂ
oy s S 5 Y 38 3 ° 308 !
Y9 4uaroipeos °Pay 4 IDLILI) : _ \LW
fusuy- Qh\.\h\ LOI3S AUBILIB0D &\wm\\.\p.kq Lo/ o8 ~ [¥)
QL Q A
! Q
0y . o
// //r S wMﬂ W b
/ — § Yoy ST
] ~¥
C y 04D 0
N o
X 0%
N W $
AN °3
b
3
A vwz 93
N 0
4/1 4
)
SR
oo q

b ) 1° 1° 5
1
SSOLI20 JUBISILIB0D SINSSEL4d JO JUBWS I

(b) R=3,800,000.
FIGURE 38.—S8ection aerodynamic characteristics of an NACA 65, 2-216 (a=0.6) airfofl equipped with a 0.15-chord, sealed gap, plaln afleron of thinned proflls, d=—0.012c,.



EFFECTS OF PROFILE MODIFICATION AND TABS ON LOW-DRAG AIRFOIL ATLERON CHARACTERISTICS 533

~ =

o .3
Y
T 10 § 2l
2 5S¢ N
2.8 E*E‘ ./
Q 0§ Cn)
8 L9 ;
§ 6 «E% 0
3 88 ]
34 E =/ X 83
3 -
2 N IS
2 =2 Xy 6%
]
E 0 % .08—-.3 48
+«
3 7 $§ S
;-2 v 03 .04 we R
v 3 e g SRR &
2 g V7.4 EE RS LI e T |
—— 4 ]9 A N X
- oo, deg .8
é 6 v_g'ég %‘E"-% ‘_'/50 '28
Y4 O —c. d —e =~
o -8 o 0.0/ -E -08 r\N;_L ___.4}§
s 208 5 e — :
o 4./4 % = v S Caf2
40 2= obze 6
S (a)
-25 20 -/5 -/0 -5 o 5 0 15 20 25 25 =20 -/5 -I0 -5 o 5 10 15 20 25°¢
Aiferor deflectior], 6a, deg Aileron deffectior, 6., deg
(@) R=9,000,000.
.3
(] h S
S 5
4.0 Ea.2
b PR
0 L——0 Lg /L= oy
1] 8 ’/«r g’g ) Ch
b 5 S
N £0
§ i 3 s
¥ 4 9 = &
; ; %
> —{~2 1 = 6
§ AT & - §
i©
T o A g =3 = 4%
9 N
8 ¥ EeZanpea i
@ =& g 04 [1 - 8
S {/)V g"E‘ . s ES
» {JESCEsRNRERr <= zcao NN
§ELE bR s
do; deg Q i — Q
g""” r/ / s oo %‘3'-04 —./5c—ﬂ 25
Yy A 4./4 d — 2
8 K_} - o 827 .S -08 /7 3 L }_ -4§
N -8 - Lo /1237 S //)'ﬁ Ac, s}
g % = d L Caf2 —
L0 5 .Ei'c -6
8 (v) )
=25 20 -/5 -/0 -5 o 5 0o 15 20 25 =25 =20 -/5 -0 -5 o 5 /0 /5 20 25
Arleron ageffectron, 6., deg Aiferon deflectior, 8a, deg
(b) R=3,800,000.

F16URE 37.—Bcctlon aerodynamic characteristics of an NAOA' 66, 2-216 (a=0.6) airfoil equipped with a 0.15-chord, sealed gap, plain aileron of intermediate-thickened profile. de=0.010c..



534

REPORT NO. 803—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

, L2 ;
Gy
N 8
N4 §e.2
N . g - A
3 DS S
v g L/
[ E’g Ca
g | T8
NI C %8 0 <
1S ol o))
s 4 - Y ~
3
p .2 = °— .8 "
y s ;
50 g 6%
Ky} ;ﬁ.l?
T2 %5‘ 08 4§
g . 2 < . o I
9 E‘g |
N S S o4 .28
2 T & T L FARERNET=hy
C.6 %, deg “‘é PR S e Ry ot R R
3 v-4/3 &S i Y
4 © =206 N =2
S o 00/ S P s 2k
§ =8 A 208 T 04 /5 --2%
g o 4/4 9 1§
2] _08 | = -
8 - e, ez G
=~ a
I | 902e) | 4 | __50)
-25 20 -I5 -/0 -5 0 & /0 /5 20 25 -25 =20 -/5 -0 -5 O 5 /0 /5 20 25
Ailerorn deffection, 6., deg Aileron deffection, Sa, deg
(a) R=9,000,000.
2
o]
N
S ;
€ 40 §.§ S g p
-~ N -
8 o — 0.) N T3]
2 g — B8 ¢
3 38
P ApE==10
: cu 3
3 8 _ 2 |
\G _4 /“, .2 =y g
3 T -
E 2 /%‘ .;E) -3 lo '62
g ¢ AP
o .08 .
§ 0 4% s pAp=aanlg
Ky <
% -2 $ b7 §‘ 09 /r%]!y-- g .28
3 gV IE . e ;ﬂ-: R
P
N =4 V4 )( 4 %g 0 «::_:jI,I__ :__%;-9-;.0_:. L' = 08
ST A EEEE: 5
3 -6 /V o, , deg -04 ~238
g X o 00/ 8
w 9 A & 414 R i—/5¢c—] 4 &
S 9 72 o 8.27 S _o8 WA d N
‘E =8 04( To 12.37 v ;/ ac, g__ { 4 5
1
g-/-o Q// H: ______ culz —".65
o [
s (®) naad
25 B0 5 0 5 O 5 W0 75 20 25 -25 -20 -5 40 -5 0 & /0 /5 20 25
Allerorn deffectéor:, 64, deg Ailerorn deffection, 6a, deg
(b) R=3,800,000.

FIGURE 38.—Section aerodynamic characteristics of an NAOA 66, 2-216 (a=0.6) airfoil equipped with a 0.15chord, sealed gap, plain aflaron of straight-slded profile. d=0.010¢.



EFFECTS OF PROFILE MODIFICATION AND TABS ON LOW-DRAG AIRFOIL AILERON CHARACTERISTICS 535

16 5 A -
. 5 - B
1.4 2.2 1 —
A g o T é%—l
] /W ?“ ] 0 s
2 3
74 il N _
1.0 >-2
. W o u
g, W 5, |
5 ' ]
3 o Normal profile —
N 6 / & Thinned profile (d=-0009¢, / J]
® / ,\ 0 Intermediate-thickened profile (d = 0.009¢,
2 / & o Straight-sided profile (d = 0.0/8¢a) 111
E 4 :E: .04
C / | § s Sy .
2 2 £ 0 -
g 4 o — [ ™~
ot / 3 S NN T
0 E 04 A a\\ \‘m
- 3 N NHEEY
-2 // Q B K\‘D\
g [ IE 08 AN
W g‘ A fod o
_ £ %
4 S 12 AN
P o
K] B
~6(a) § - /6~ (b)
| &L
-4 0 4 8 12 /6 .08 .04 0 -04 -6 -4 -2 o 2 4 & 8 /0 12 /4
Angle or cffack, o4, deg Section pifching-moment Angle of attack, o, d
el (2 , o, dE€g

coalficiant, Cuy

Fravre 39,—The eflect of modifications of the afleron profile on the section aerodynamic characteristics of an NACA 68, 2-2168 (a=0.6) airfoll equipped with a 0.20-chord, sealed gap, plin
afleron, Afleron undeflected, R=8,200,000,

[T -
16— L S 4 —
ERERE
1,4 t .2
- 1 & , -
1.2 {‘? § 0
Y/t \ S
1.0 g/ ;-z
] W 5
§° / i)
o o MNormal profile
£ 5 \“ a  Thinned profile ({d=-00/2¢c:)
° Y, 4 ‘n 0 Intermediote-thickened profile (d =0.0/0c,)
8 l & o Stroight-sided profile (d = 0.019¢,)
g A 7 ‘§ .04
S |
S 5 / | P = X
b ' }{ g g [ O
K 0 /4 - -04 S - =
i 5 \ﬂ\ ™ \~o
/ § N
-2 &-.08 I~
r—iL © n, | e
o
-'41 } 'E‘. 174 \\ N
) $ )
-,6"r (a) B~ /6F (b}
{ & 1
-4 0 4 & /2 16 .08 .04 0 -04 -6 -4 -2 0 2 4 6 8 /0 2 14
Angle of alfock, «,, deg Section pifching-momeant Angle of offock, ¢, deg

coelficient, Cmep

F1auRE 40,—Thoe effect of modifications of the alleron profile on the section aerodynamio characteristics of an NACA 68, 2-216 (a=0.6) alrfofl equipped with a 0.15-chord, sealed gap, plain
afleron. Afleron undeflected. R=8,200,000.



536 REPORT NO. 803—NATIONAL ADVISORY COMMITTEE FOR ABRONAUTICS

~1 |

004 —
NN

NACA 66,2-2/6 (a=.6) plain airfor/

002

2
>
ﬁ

0.20-chord normal profila aileron

3

v

[

8
/
k

o

Airfoil sgction profile-drag coefficient, cu,

o 0.20-chord aileron (d=-0.009¢c,)
002 a JE- u - (d=-0.0/2¢xa)
Thirmed profile ailleron

]
o | o, |

0 0.20-chord aileron(d =0.0/8¢cg)
002 & /5= ” (d=00/9¢s)
Straight -sided profile aileron

0 1
5 & 7 8 9 10

Reynolds number x 1076

FIGURE 41.—Tho effect of modification of the afleron profils on the variation of section profile-drag coefficlent with Reynolds number for an NACA 66, 2-210 (a=0.0) alrfoil,

Afleron undeflected. ao=0.51°.

3 4



EFFECTS8 OF PROFILE MODIFICATION AND TABS ON LOW-DRAG AIRFOIL AITLERON CHARACTERISTICS 537

3
O
N
'q 10 . .2 ]
H 5
[} ) B 2 v “
o 7 83 2
¢, 85 o
g 28
§ %
3 A .%U-/ ] -8
0 @ -
8 &) “ -2 = 59
: mi
Z 5
js 0 -3 s 48
iy e
v o2 pZi 28
8 . N
N
-4 o3
3 o
&
o, deg Y/ 298
-8 = _gg A/ =g
Y o -2 :
S o 0.0/ > 4 S
k=8 a 2.08 A S
: 0 4.4 : 2
'g-/,o L : ¢§)
S (a)
-25° 20 5 0 <5 0 5 0 5 20 25 -25 20 -5 0 5 0 5 10 15 20 259
Aileron deffectfor, 6., deg Aileron deflectror;, 8., deg

(a) R=9,000,000,

.3
3
> Lo 2
Y 8 . g é‘i / Cr
.] 1 .E
§ 6 P 33 o
g ’ /1{ i 2 ™ .
<5
.E 4 . v 4 _% o=/ N 8
Y (1] 1 ~
8 2 )2 9 -2 > 63
y N
0 -3 | 3 4L
‘% ’ ZEZaaitn
- 28
§ £ u/)./ % (; ~§
{ -~ 44 / 03
; A §
: oy, deg
Q""-,e /{ o 00.0/ 28
N A 414 PN
o A o 8.27 I
E—& P o 12.37 AAlcl ~ E
g 9
§~/0 i ‘4/;7 —.6‘§
A 17 2}
= (b) V
-25 20 -/15 -/0 -5 o 5 /0 5 20 25 =25 =20 -/5 -0 -5 o 5 /0 /5 20 25_ 8
Ailerorn deflectfort, 6, deg Ajleror deflectror, 6., deg
) (b) R=3,800,000,

F1auRE 42—8cctlon aercdynamic characteristics of an NACGA 66, 2-216 (1=0.6) airfofl equipped with s 0.20-chord, sealed gap, plain alleron with o 0.40¢. beveled tralllng edge.



538

REPORT NO. 803—NATIONAL ADVISORY COMMITTEE FOR AERONATUTICS

3
) 3
j 1.0 E 2
3 <
g g Q\ Cx
:; TR L/
Lo
8 e
g . ] SN
88
5 9
(5]
§ 2 - -2 6o
N J;rr g
s >3 4%
S §
Loz Vi ) Z 20
3 7 7
Q ! .
N 4 / l Og
: g
L & oy, deg { 8
3 Z v 'gég | y. 8
: o-2 C
S TEE o 40/ 4 X
37 5 5% g N
o 4 - N
S A A S
K10 A
(4] 8
X (a) | R
=25 =20 -/5 -0 -5 o 5 /0 5 20 25 -25 -20 -/5 -0 -6 o K} /0 5 20 25 '
Aileron deflectiorn, 8, deg Aileron deflection, da, deg
(a) R=9,000,000
3
o
3
2 1.0 o . .2
3 4 o ~ A
v .8 2./
y ANN==Nk 2
L~ TS Ny
§ 6 ANy §-@ 0 < =
5 A 7 ~E§ -
N £ 4 §8-/ "N g
w
5] T
S .2 W ‘§ .y R 6%
8 7 §'
_E 0 g -3 4 :
L
& _ S N
:2 .28
L] )y/ X
3 %
N -4 /, 03
] 27 :
do; deg Q
E-é‘ TH o 00/ =28
by 7 4 v a 4./4 1 ¥
§ oA 2 55 V7 4
§ ] ° ///A‘-‘x _ 5
E_/-O ‘l/ / ‘( > / ‘GU.E)
< (b) ‘r/}
=25 20 /5 -/0 -5 (7 5 /0 /5 20 25 -25 =20 <-/5 -0 -5 o 5 /10 /5 20 25- 8
Aileror: deffectrors, 6., deg Ailerorn deffectfort, 6a, deg
(b) R=3,800,000.

FIGURE 43.—Section acrodynamic characteristics of an NACA 66, 2-216 (a=0.6) airfoil equipped with a 0.20 chord, sealed gap, plin aileron with a 0.30c. boveled tralling edge,



EFFECTS OF PROFILE MODIFICATION AND TABS ON LOW-DRAG AIRFOIL AILERON CHARACTERISTICS 539

3
S p
P! 10 § &.2
9 +
3, Ny
EN
e = 3
3 = §8 e =
g Al -
: V.74 A =ank
w -
$ : s - o3
8 I, 4
N N
E 0 ‘B K .08 < E)
-~ 0
9 ] N
% -e E\E gL l=go % 2§
N I S e o S SN
v_g4 X R N s 7 1 e S RETE T Ay, g
L ~4 <L O S 0%
3 3 1 S
- &, deg _ Q
Ny = > 4.3 § 04 )f{ 23
4, o 206 N — &
N o 00/ 5 Y 3
~8 S 208 g -8 -4
o 4./4 Acy -
] - *g
40 63
§ (a)
-25 20 15 J0 <57 O 5 0 75 20 25 -25 20 5 0 5 0 5 0 5 20 25°
Aileron deflectior, 6., deg Aileron deflectfon, da., deg
(@ R=9,000,000,
N .3
30 :
3 28
S 4 A T11]as,
' £2 ~ <
Y K
5 / 88 SasNy
8]
3 ~3
2 —-2 68
b 7 3
I~
g 0 /d *g 08 3 5 o 43
S A
$-2 g § . .04 P £ zg
pecaznres fgEanl L
Q -l e
L ~4 O s =N Zeand o O:E
> Wi¥ 8/ e REEE==g 2
-8 A j/ %o, deg s, y: -
T s 0o/ S04 -2
" A o 4./4 §§ ‘ &
S FANYZ o 827 Ac, X
& 8 7! o /1237 5 -08 /,V 4 -.48
E g :k o~
S -~ t LAF 68
g9 5 P 3
N (b) <
-25 20 /5 -0 -5 O 5 10 15 20 25 -25 20 -5 90 5 0 5 0 B 20 259
Arleron deflection, é., deg Aileron deflecffon, 64 , deg
(b) R=3,800,000.

FIGURE 44.—Scetlon aerodynamic characteristics of an NAOA 68, 2-216 (a=0.6) airfoll equipped with a 0.20-chord, sealed gap, plain alleron with a 0.20¢c. boveled traillng edge.



540 REPORT NO. 803—NATIONAL ADVISORY COMMITTER FOR AERONATUTICS

3
(&)l
I
4 /0 2
\b‘ L
3 3
: 8 E& ./
: Se
N | L ‘1!_5 f—
< 6 gIQ 0,
N 7 S8~/ .8
o
2 3 -
o 2 o =2 6 &
g o N
.‘E o -3 (l 4 Sé
Ky} @
2 Pz g
g =2 .Z_S
(S} Y
N
$ -4 0%
2 §
1]
8 -6 ’4 %, deg 2 8
qQ v -<4/3 P ]
“ o —-206 &
2. o 00/ S
S a 2.08 S
E Q 4.(4 7 -_‘:
L-40 = é‘,’)
g (a)
=25 20 -5 -0 -5 o 5 0 15 20 25 =25 -20 -/5 -0 -5 (2] 5 0 5 20 25 8
Aileron deflectfion, 6s, deg Aileron deftection, éa, deg
(8) R=9,000,000,
2
& %
\
% 10 ;E,\ ./ \\ - T
T Es - <
b4 8 %,\- 0 e
9 - v & 7
§ Ay N =
/|: 7 RO N
X 4 Z g =2 7
5 874 5
: . /%4 s e
8 V2 % .. y. ‘E..
+ A 4
g 0 §
7 - :
% =2 42/% 'Z-E
; 47 3
) 03
L =4 £
an 5
§ =6 1 / o dgoa/(eg 38
« 4 a 4./4 4 EN
S s a 827 : 4 o
g 8 !——/ / © 1237 ) X?/Acl §
A ' -6
-/ -4 4
§ 1.0 /" A - v
g ® 17 -8
-25 -20 -i5--l0 -5 0 5 /0 /5 20 25 -5 -20 -/5 0 -5 O 5 [0 5 20 &5’
Aileron deffection, 6, deg Aileror deffection, 0a, deg
(b) R=3,800,000.

FIGURE 45.—8ectlon aerodynamic characteristics of an NACA 68, 2-216 (a=~0.6) airfofl equipped with a 0.20-chord, sealed gap, plain afleron with a 0.10¢. bovoled trailing odgo.



BFFECTS8 OF PROFILE MODIFICATION AND TABS ON LOW-DRAG ATRFOIL ATLERON CHARACTERISTICS 541

I
[«

2
T
o
g = / \h
"33 ‘\'
NS =
RS
R ¢ A P
’E‘k %‘
v Ch
§S-/ .
52
O o, deg
09’) -2 v -4/3
. o ~2.06 .8
o 00/
a 207 S
o 4/4 6 a
1E o
K Ac, S
8 .08 i 45
S X
]
O3 ompfnce - 1 .28
. §'1E'~ n-i: ‘f‘:ﬁ‘:\ _ v . ;‘:";::8 *E
X . =
< % - E
%\‘.04 -2 Y]
=~
$ 3
3 -.08 .4.5
@ B
? 9
(79

-25 20 15 i 5 0 5 10 15 20 259
Aileron deflection, d., dag

FIGURE 46,—Bectlon asrodynamic characteristics of an NACA 66, 2-216 (a=0.6) airfoil equipped with a 0.20-chord, plain afleron with a 0.20¢. boveled trailing edge and 0.0052¢ nose gap.

R=9,000,000.
1.6 3 4
@
[
1.4 .2
o
N
2
r2 A 3 8 0
7 \ :
10 //d \§ :, -2
§ 7 e
'S <-4
-‘5 o y T o Normal profile
.8 7 I a8 0.40c, bevel
X 6 0 .30c ”
3 : /4?, A < < .20¢c, v
Q " // Q x A O0cq ‘
s .4 ¥ .04
< 4 R
Y O - e N
-g 2 / 'q: 0 — =] L
] { d 3 A ] ~ X
“ / 1 a—7 N~ PN
g R-04 +
j QEJ 2 [
o P =
4 b
o
-4 E -/2 M
S
-6(a) ‘g—. 16 (b)
| (7Y ]
-4 4 4 & 12 16 08 .04 0 -04 -6 -4 -2 o 2 4 6 g /0 1 14
Angle of allack, ¢, deg Section pifching-moment Angle of attack, c¢¢, deg

coellicient, Cm.

F1aURE 47—Efleot of boveled trafling edge on section aerodynamio characteristics of an NACA 66, 3-216 (a=0.8) atrfoll equipped with a 0.20-chord, sealed gap, plain afleran. Afleron
undeflected. R=8,200,000.

843110—50——35



542 : - REPORT NO. 803—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

-005 | | l T |
ot NACA 66,2-2/6 (a=.6) plain aifoil
.00¢ e — —
] ——o0— o o l—o
003
005
Naormd profile afleron
) I o— o —o—1°
.003
005 >
]
\\o\ ﬂgﬁf—sia’ed profile aileron R
.004
003
<
©
§.005
:Q Q/0cs bevel aileraor
$ P~ o
0-004 Lt
0
Q
8009
Ry
)
2
b 005
k. \0\\ 0.20cs bavel aileron
é.ao:: — ——
g
=~ .003
3
o005 -
K\ 0.30c, bevel aileron
004 T
4_?_————0-—'
.003
005
o _| 0.40c, bevel arleron L
—-_— .
004 1 | —
.003
.002)|
.00/
o 3 4 5 & 7 8 9 10

Reynolds number x 107°

F1aURE 48.—Effect of beveled trafling edges on variation of section profile-drag coefficient with Reynolds number for an NACA. 66, 2-216 (a=0.6) airfoll equipped with a 0,20-chord, esaled gap
plain afleron. Alleron undeflected. as=0.51°.



EFFECTS OF PROFILE MODIFICATION AND TABS ON LOW-DRAG AIRFOIL ATLERON CHARACTERISTICS 543

Y YUISNYAPOD puSrOw-SOLILY LIOILIIS oY
COMRAAL IR SN

VAR AT
sz

y7 f 117
WA 7]
\ / [
{4 fé [ _
/; \ /]
//2 |
g
P ALY

™ N S o 3 N "
Yo YLISIOLIS00 JIBLIOW-30UIL) LIS lLA&\./&/_/(;/ :

X

20

A\l

/5

R\
I~
/0

5

0
Afleron deffectior, da , deg

F10URE 49.—Bectlon acrodynamic characteristics of an NACA 86, 3-216 (a=0.0) airfoll equipped with a 0.20-chord, scaled gap, plain afieron of normal profile with a 0.20¢c. plain insot tab. Rm=9,000,000, oo™ —4.13°,

\\L

N~
-5

=10

"ﬁ\.

S

~

e
-/5

»
/

[
o]
=
|
T
-20

L] v ;ZLQLU?JJU_/ HIBIDNfLDOD fhlf LIOWYIDS
Yoo e et Ty

Y L Wi E“d%?%“?“’%% "
‘ Jv %%ﬁ T 2
\ \ %u«ohdo 4044nm
% A\ \ 3 °F
N N
N 3 '\ RN
, NN § g
%%% \§ \\\% PR
A\ 3 Q
\§‘%\\ NN
\ \%{ \
' 2
NN TRYRT Y
o Q A3 y S N 3 © @ R |

¥ ) 0 Q |
B/aY 09S 950U LOISHID SSOIIO JUNIULBOD BInssard JO JLBuSIoU]

843110—50——30



REPORT NO. 803—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

Y YUISINJJFOD LSO -HRINY LIOHIDS oL
® & > o T N

20

5

/0

5

o
Ailerort deflection, 6, , deg

=5

[\ /A 1Y
& vavi Wy %
W/ VAN /
/ 10/ YL
‘/‘//7 VR J///

7 ) f
s 75
BaviaAsva AT

/ V4 v/
/s LAWY

/ I/
YAV A/ |

7/?/24\[ | /7///L
w4 /
/ /f; i /%
EAALVELALAS HALE &k

190w WSLEIIUL JUBIOILIBOD JHf LIYIDS
e o e % &S ety q

(a)

20

=10

-5

-20

15

1\-@\\ s \ 5%@
i RIVARI Eldods dhoks

/0

, deg

Y/

5

o

7/
V.74
7

V%,

Aileron deflection, éa

A/

=5

\§%§ NN N

oA
2954

N ‘
\ \
R

L&
’E‘/

1 1 | |
5/qv /058 9SOU LOIS/IO SSOII0 JUSID) DO PINeSIIT LO pIUELIHIY

Q Q A N © ! ¥ Q Q Q
i

=10

=5

FIGURE 50.—Section aerodynamic characteristics of an NACA 68, 2-216 (a=0.6) alrfofl equipped with a 0.20-chord, sealed gap, plain aileron of normal profils with a 0.20¢, plain insot tab. R=9,000,000, ae= —2.06°,

-20°




545

EFFECTS OF PROFILE MODIFICATION AND TABS ON LOW-DRAG AIRFOIL AILERON CHARACTERISTICS

. *ol00="2 '000°000'6=y  “qu1 Josuj upeld *902'0 8 Y4 o[goId [BuLION JO uooyje upeld ‘ded pouos ‘pI0ge-02°0 8 qIfA poddimba (j0J4f8 (0°0=1) 015-3 ‘00 VOV 010 89]15H0100I0T0 0 WUIAPOI08 UO[I00F—"19 THADLY

!
)

g2/

o YLINIHHZ00 pSUIOU-S6UR) LIOILISS

N
!

~
"

Qo

~

o

™

bap © ®p ‘oiosts0 oIS/l
o/ (o]

™
LOYDBS OSSNy :

~
"

0z o s c- o~ -  oz-
@
W//H////_Aqfle.lxrul J
/J/ /r
N~ N
A S NS
D RN
i AN
B
-
-
SN
///4“ / //Hé/ Ayr
ENENSaNNN
ANMAENENNN
] 1//[
[ ) N
INNN N
~ f///////a/
SN
NN
N
RN

Q

N

Y3 Jusiote00 puBswow-abiuy

!

bap ‘29 Uoyos/iep L)y
o/ 2 (%) G-

o oz 4 or- G/- 02 -
®) |
o= el v )
AR =
- m; 3 g ary
A 2
AEEcE
wn. bop Lads/1ap 9oL Sw\
§0 ) ,
W % —07 .
WN. \\v\, 2 \ Q.lm
3 || = i
3 3 \\%\ \.\ = Q
,m,w g \\ 7 L wrm,
.Ww. ~] - m\\ ma " m
= \ S m
g o- 3
\ g
/ :
o , 0
g
W A 8
¢ m
7 b 3
4 m
Wb,\ g 7 m
T .__I\% o )




e e o .

REPORT NO. 803—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

546

VR
A |

~
v

%9 4 m_/:,y,z_.,taoo ,zmwogaaﬁuﬂ/ LoILoss qof
~

i

*ol0B="2 '000'000°6=Y  "qe} 308T] Ujeld *202°0 8 Y314 ergod [suuion jo TeTe weld ‘des pa[ess’ PIOTR-0ST0 8 Y34 PodAnba [OJI8 (9°0=0) 913-2 ‘09 VO VN U J0 SO[1S]I910BIBTD I WEILLPOIIB T0]3039— 38 THADI]
bap ‘g e&tm\k%

bap * B9 Voyoa)ap Las)ly

oz S/ o/ g 4] S- o/~ G- oz -
@
1 mm—
— - e
= SN
L 7 T
L1 ] NN
N ~—T=
S N
N
™~
H,//W,
I~
r//J*v//f N 71.”.
| J [N
INNNNRSEN
= I\m\! 7 : 7ﬁ 7¢_(/ ir :
TR T NN
NN
2 NN
// .
NN
//»
N

~ © > N ?
i ! '
YD LISIOHLLB0D LUSUOU~3DUINY LIIDIS LIOLE[IY

N

2

0 LLBUIAIILY JUSIUIE0D i LOYIDG
ST T S HE O Y

Q

vos)y

(0224 G/ o/ 1% G- 0/~ G/- oz2-
(®) A
2l v )22
a3 g e
e 2
o] 2 [
| v W47 4
bap “LIoWOB/BP 9OL \w\
/
\
/
ALK

;/"fg}!ﬁ

Q
<
!

BTV J05S BSOUL LIS ID SSOIID JLISIILF0D SINSESIT LO LLHUSIOU/



547

"oPI'P=*® '000°000'0 =Y *qu3 908u] Ujud *202°0 B 4314 o[7o4d [BULIOU JO Uoorjs ujuyd ‘des poress ‘pIone-0z0 B A4 poddmbo [OLIE (0°0=D) 016-2 ‘60 VOV N UU JO S93FI0I0nIBg0 O MUAPLIOD TOO0G—'6g THAOLY

m
]

2L
(l\!q

r

~

]

ALURUOUWI~ZDUIY OIS

~

N
T

o

@Q

D YLis2if 180D

]

©

A3

4

N

AN //7

Qo

oc S/ WW P MB.%UN\&M\Q QD.\N.\W\N o/~ S/~ oc- g~ oc G/ mo.wb e Wo.iom.\km% PGLN\W. O/~ S/~ oc-
@ ® L1
9= wWIlu \%W
M] - b . IR )Y #4%%5
— TR ”U[u/ u/:/; s w IIM m%\\w\\“?
N s e iy - P~ o mwu .lm Y ¥ ¢ %8
S RENENN SITE 777
| 3 //AH////? 3 bap UoiDaliap 9oL § f
| T JV/M//MM WQ \x
/w/ g e ﬁ\ /
Il WN ) ] \_§\\
Wn=2zZes7a B
ARZZ2Zszi PEN
szze 7=
> o g - ) %&\\ R
™~ 3
RAAVYUNES 4,
RN ~ AN a=n F
NERNSSANENY 3 .4
<
W ~ . 7

~

%

Qo
%o YLB/oN 1500 usuow-56LIYy
X

%
A A

54w ‘/&99 BSOU LIOIB)ID SSOLSIO JUBIILBOD SMISSBIT LO LLISUDIOLY

BFFECTS OF PROFILE MODIFICATION AND TABS ON LOW-DRAG AIRFOIL AILERON CHARACTERISTICS

o




REPORT NO. $03—NATIONATL ADVISORY COMMITTEE FOR AERONATUTICB

YD YLBIOLIPOD JBUOW -3 LOLLISS qof
a ~ o T Y p
. h

®)
20

5

@i aw i

wa i
;

e
/0

5

. | \ }fuflg

o

[

[

NSNS

SO IR
N
NS
Y
-/0 -5

-5

o L

a4 U i 1Y A

-20

2 Yy ~ < ~ N ?
|
X9 QuaIIfa00 prewow-bUIY LOIISS lu-oua/./y
G YIBUSIRIL JLUSIIJLDOD LLl] LIOIIDS
A Y] Q Y| X

?R @ @ ¥ ¢ o @
Eo
\\ v \ ~§:m°m0l0°lo0l0 o) )
NN -é‘}“h?n, SERITT]
\ %Lq*olhﬂloqlnoldu N
\ N\ Eé o
0
)
L)
%
N
\\\ \\ '
N
N \\\\\ l
VAN

Q © Ay QY] o QU X Ola © g
M * - 1" 1 1 1
B/Fv 7DoS 2SOU LIOISfID SSOLIO US40 SuNSeILT LO LLIDWISIL

deg

Aileron deffection, 6, ,

FIGURE 54.—Sectlon serodynamie characteristics of an NACA 68, 2-216 (a=0.6) airfofl equipped with a 0.20-chord, sealed gap, plain afleron of normal profile with a 0.20¢, plain inset tab. R=6,700,000, ace=8.27°.

deg

Aiferon defiectron, 6a ,



EFFECTS OF PROFILE MODIFICATION AND TABS ON LOW-DRAG AIRFOIL AILEHRON CHARACTERISTICS 549

G YIIHNLIBOD JIBUICUI-IOUIY LIOIEIBS DY
N ~ o ~ A

m !
: 1 1 1

O
N

—
~
]
I
1
i ® 4

F1aURE 55.—8ection aerodynamio characteristica of an NACA 66, 2-218 (a=0.0) airfofl equipped with a 0.20-chord, scaled gap, plain alleron of normal profile with a 0.20¢. plain insot tab. RB=5,500,000, as=12.37°,

[
A L) J

;
[

[
/

5

/0

S
SENGEE

—|
~ L~
g ‘\"

I~

N
(S~
——
5

Aileron deffaction, 8, , dag

[~
NSNS
~]
.

o

-5

/[

N
AN

-0

WL
Ty 151y

~
—
/5

1
i & ~ o ~ N M X
] i i ¥
X0 YuB/044800 pBurow-a6UIL] LIOIISS LIOIS/lY
10V YUIBUWEIOUI LINOYIIOD Ll VODBS
) Q © % N ° Ny _ © Q
~ . 1" 1 1" I°
g
Lo S
NN , NN S ®
W SRRLTPOOR0RY
TR T
Q,) ~
\ Q\" \.\ %uqo‘woqmma
i L :

.5

0

7 7z
=
feror? deflectron, 6 , deg

(/
///J
0% %l
57
e
L~
Py

"
v
-/5

/
W/ 4 Zl
%
| 2%
A

RNV

=20

S T T R T O TS
1 1 r v
BV /05S SS0U LroUs)I0 SSOLOD JBIDIB0D 2nSeBIT JO fUBWe oLl



. w e —a s

REPORT NO. 803— NATIONAL ADVISORY COMMITTEE FOR ABRONAUTICS

550

*0D0'00Z‘8 =Y ‘POI0NRPUN WOI[JY *qe} jesuj Werd *20z°0 © QIjA o[gold [suwou Jo uocaefie uye(d ‘deud pojwes ‘plogd-0z°0 8 WA poddimbo [joys (0°0w=D) 917-2 ‘00 VOVN USB JO $0]1810308I0Y0 O]OIBUA POIOE UOJIIFZ—"09 AUADLY

[03s 950U §50.00 biyy  Z° s 0 /- 4 2- u.wm.ﬁﬁ\.w&%www ﬁ%%\ﬂ N\.m\mso%m.w&cuwﬁns\xuww x\oxknm. bop ' ‘yopy0 jo Blbuy
i i /8
i ¥ T 1
il [ 1| RV NEEN . il .
.ﬂ_\ d 4 14 ¢ / z r/ / tn il \ Gz u©
[Ake | 191 AN IR IR ! % ,
VAR ET RN k \ [ il g
VAR ¢ UL N ERA i AR g v /.
HeL L] 14 , [l [ o b A
\ / ¢
X

L
| _tlo——t—T"
l—t
] |
Lt V/
a1

F‘L—C‘\u\
1

o]
|
| o—1
G/K‘F”

Lt
| ——0

Y | ”

Py /Q\/?ﬁ//o’
N

Lt o

o'/O/‘

o] ] L ——T |

v ) v .\
’ AR Ry YRS YAH ’
: Y Y SF 3
o h ¥ v : 14
v - e :
— 97

0 YUSIDY805 I UoKDISS [IoJIY



551

EFFECTS OF PROFILE MOFIDICATION AND TABS ON LOW-DRAG ATRFOIL AILERON CHARACTERISTICS

‘ofI'F— =7 ‘0000006 =Y QU Jesu} UJuld *org'0 © qIA o[gord POPlE-1uSiEle Jo Toleiju TjEld

m.l

qoL
5

[} ~
v

B0 JUBUIOW-B6LIt) LIOILDSS
~

o Yrsiorys
a

"

bsp ¢ Pp ‘woyosiap Losaly

(224 (=} o/ = [} G- o/~ S/~ 0Z—
()
ﬁ/
N
I = g
4 i
™
= ~
J
N T2
SN annik
NN , i
N U ;oS
NS N
3 ine A
}/,.Qf/ / . W
o
SN
~N N v

e-

A LOI03S
¥y

Y Qsws 10Ul B0
LI S N

Q

Q
~

oz

S/ S

S-

or- /-

oz-

(e)

<

4
oe —
g/
o/ |
g

LT A

|
0odnm

=i

L e

0
o~
0/-
G/~
0z~
gZ-+—d
bsp wonoslsep oL

1. %8

=

avudo 4

Y

AV

Q

©

)

A

N

‘dud pojeas ‘paouo-0z°0 B uiA poddinbo [ojfe (9°0=5) 015-2 ‘40 VOVN Ue Jo S3{I8H10300IYYO O[UTBUAPOIDT UO}JOIF—'Lg HUNDIZ
wxo P9 UonosEp Las)ly
/ (2]

Q
~
i

r

[}
/05 BSOLI LIOIS/IO SSQIDO JUBDILIB0I BINSSEIT SO JLIDWSIILY

4

bav



REPORT NO. 803—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

552

*o80°5— =0 ‘00'000'6 =Y

N om
1" 1

~
N

~

U9 YUINILISOD fuOW 30U LOILISS GOl
Ny &)

m

bap 2o ‘oiposyap LoIs)ly

(024 [~ o/ (=2 [ G- Or- G/~ oz2-
@
NN
N N
~ ~ J
=
J N
~L J«/U“__“
N
W
L NN
SN N
NN N
BySasan =
~ R
~a
SNSSURSRNES
SN
T O
/o///+
N

(Y] ~ Q ~ o M
) ) | r r
NI QLIBIOULS 0D fLRUOW-SEUIY LINEISS LIOL3[1Y

n

oy QB 1 JUBSIDNLLBOD fLl] LIOIIDSS
© AN LU RN N
) 3 ! ¢

@

o
~

b3p © P9 Uonos)1op Loy
oz S/ o/ G 0 - o~ 5~  oz-
& P
il I 1
AR )28 5%
5 1 )% )
A 77
A % %
bap “LoioBIER 9oL §
7
S
—&

b,

@Q

©

oy

B/IV ‘JD3S BSOU LIOISHIO SSOIID LS LIDOD Bu15S3.1T LO pUSWIIINY

X )
)

*qe3 Josy wpEld *202°0 ® 314 e[goad popis-jugens Jo worsre wjuld ‘deS peress ‘pouo-03°0 8 W4 Paddinbe ORTE (§0=D) 13- 99 VOVN U6 JO SIISHIIIBIBYD OjIBUAPOIOT U0j3005—'59 TENOLT

Q
h



553

EFFECTS OF PROFILE MODIFICATION AND TABS ON LOW-DRAG AIRFOIL ATLERON CHARACTERISTICS

*oT0°0=*2 ‘000'000'6 =21

*quy j08u] Wje[d *203°0 ¥ UjjA orgoid popje-jusjeils jo ucsofje ujsld ‘ded popess ‘piono-0z°0 v YA peddinbo [j0ja]u (9°0=1) 01g-F ‘00 VOVN UU JO 83]15[10)0818G0 ONIBULPOI0B UOJJ00F—'08 HUADI]

bsp ‘ ©p ‘vovto8/48p LOLB/IY 690 ¢ 9 ‘Ui o8/ 18p LIOIE]lY
o2 G/ o/ G 2] G- o/- S/- oz2- . oz G/ o/ [ 0 G- O/- S/- oz2-
£- g-
(@) (e \Av
| v e
Z- 9= b\m S M < =
<3 %\ Lo %
[ ¢ v
, /_ va/ﬁ/ o m o \ e
- paan— l} Pl T N )4
—— o | 9r-1 2 V%
RN = oz-| ¥ V.77 8
N.I.

Gz-1—do
bsp oip08/48pP oL X§

V. %74 or-

~

/]
i

§

N

Yo 1512041300 ,zuawozgu—a&u/u Lol 23S qoy

\

N

\
ﬂdﬁ!

M

N
;%
3

10V JUBLIS LI LLIBIDFLDOD LHI] LIOIDES
Q
N

.
N
S

]
1

vk

N
i
©
&
I

ot 0

[ 1]
/
.

~

:

Y
he
o
YO WWIBIOILIS0D LUBUOU-8DLIN] LIOII09S LIOSS/IY
N

”
Q

BV Y035 2SOL LIOIS)D SSOIID JUSIIILIB0D BINESEIT SO LUSUSII



954

REPORT NO. 803—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

"G YUSINLLBOD LI OW
) N

~

~B6UIY LOIL08s QoL
(o] ~ N

®

.

e

T

|

|/

/
’

/
7
v
/

o8

f/

100

—g 4

LAY X/

/
e
4q

YL

i
/4

I

M

N S

o

o
~

~

N

@ @

! R e ;
NO JUISIDNASCO LS WOU-SEUIY UHOBS LIS

v %waiou{“ #@/:J.WS'OD 4 &/Q/pas‘ +

J

I\

€Y

AW

\

A

N

\

Q

A
Sl

bd

- /0

odqoo4dnm

Tob derlection, deg

W Y%

=/0 -5 (9] 5 /0 /5 20
Aiferon deflection, 6. , deg

-/5

-20

.8

/0 5 20

g

N

Z2Y//4

AN

-5 e}
Alleror daflection), 64, deg

-/0

=15

/]

Y

-20

@

©

X

N

o

N ¥
1 1

©
v

©
v

]

~
!

BV Y05S DSOU LIQIBJID SSQID JIIIUWBOO BLISSEID JO JUSUSIIY
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